This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SK£ WED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 




Offioe 

<q6 9V ^ 



Patent 




INVESTOR IN PEOPLE 



REC'D 0 4 FEB 2000 

wigg Patc g Pffr 



CuilLtpl IIUUJL 

Cardiff Road 
Newport 
South Wales 
NP10 8QQ 



09/868262 



I, the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) 
of the Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of the 
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
originally filed in connection with the patent application identified therein. 



In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named 
in this certificate and any accompanying documents has re-registered under the Companies Act 
1980 with the same name as that with which it was registered immediately before re- 
registration save for the substitution as, or inclusion as, the last part of the name of the words 
"public limited company" or their equivalents in Welsh, references to the name of the company 
in this certificate and any accompanying documents shall be treated as references to the name 
with which it is so re-registered. 



In accordance with the rules, the words "public limited company" may be replaced by p 1 c 
pic, P.L.C. or PLC. " " 



Re-registration under the Companies Act does not constitute a new legal entity but merely 
subjects the company to certain additional company law rules. 




Dated 



Signed 




25 JAN 2000 



SUBMITTED OR TRANSMITTED IN 
COMPLIANCE WITH RULE 17.1(a) OR (b) 



PRIORITY 
DOCUMENT 




nts Form 1/77 



ts Act 1977 
(Rule 16) 



P&ent 
Office 



27 cr °99 E4795#-? D02825 J_ 

P 30 0.00|r 9922723.3/ 



Request for grant of a pat 

(See the notes on the back of this form, 
an explanatory leaflet from the Paterit 
you fill in this form) : 




1? DEC. 1998 



The Patent Office 
Cardiff Road 
Newport 

Gwent NP9 1RH 



1 . Your reference 



* ^ <SV 100001/VRD/MNE 



2. Patent application number 

(The Patent Office will fill in this part) 



9922723.3 



3. Full name, address and postcode of the or of 


Cambridge Display Technology Limited 


each applicant (underline all surnames) 


Greenwich House 




Madingley Rise, Madingley Road 




Cambridge, CB3 OHJ 


Patents ADP number (if you know it) 




If the applicant is a corporate body, give the 


country /state of its incorporation 


United Kingdom 



Title of the invention 



ORGANIC LIGHT-EMITTING DEVICES 



5. Name of your agent (if you have one) 

"Address for service" in the United Kingdom 
to which all correspondence should be sent 
(including the postcode) 



Page White & Farrer 

54 Doughty Street 
London WC1N2LS 



Patents ADP number (if you know it) 



1255003 



If you are declaring priority from one or more 
earlier patent applications, give the country 
and the date of filing of the or of each of these 
earlier applications and (if you know it) the or 
each application number 



Country 



Priority application number 
(if you know it) 



United Kingdom 9827827.8 



Date of filing 
(day / month /year) 

17 December 199^$.? 



If this application is divided Or Otherwise Number of earlier application Priority application number Date of filing 

derived from an earlier UK application, (if you know it) (day /month /year) 

give the number and the filing date of 
the earlier application 



8. Is a statement of inventorship and of right 

to grant of a patent required in support of YES 
this request? (Answer 'Yes' if: 

a) any applicant named in part 3 is not an inventor, or 

b) there is an inventor who is not named as an 
applicant, or 

c) any named applicant is a corporate body 
See note (d)) 



Patents Form 1/77 



Patents Form 1/77 



9. Enter the number of sheets ny of the 
following items you are filii^ with this form. 
Do not count copies of the same document 




Continuation sheets of this form 0 
Description 7 
Claim(s) 4 
Abstract 1 
Drawing(s) 2 



10. If you are also filing any of the following, 
state how many against each item. 




Priority documents 

Translations of priority documents 

Statement of inventorship and right 
to grant of a patent (Patents Form 7/77) 

Request for preliminary examination 
and search (Patents Form 9/77) 

Request for substantive examination 
(Patents Form 10/77) 

Any other documents 
(please specify) 



11. 



I/We request the grant of a patent on the basis of this application. 
Signature 



Date 
17 September 99 



PAGE WHITE & FARRER 



1 2. Name and daytime telephone number of M.N. EVANS 

person to contact in the United Kingdom 0171-831-7929 

Warning 

After an application for a patent has been filed, the Comptroller of the Patent Office will consider whether publication 
or communication of the invention should be prohibited or restricted under Section 22 of the Patents Act 1977. You 
will be informed if it is necessary to prohibit or restrict your invention in this way. Furthermore, if you live in the 
United Kingdom, Section 23 of the Patents Act 1977 stops you from applying for a patent abroad without first getting 
written permission from the Patent Office unless an application has been filed at least 6 weeks beforehand in the 
United Kingdom for a patent for the same invention and either no direction prohibiting publication or 
communication has been given, or any such direction has been revoked 

Notes 

a) If you need help to fill in this form or you have any questions, please contact the Patent Office on 0645 500505. 

b) Write your answers in capital letters using black ink or you may type them. 

c) If there is not enough space for all the relevant details on any part of this form, please continue on a separate 
sheet of paper and write "see continuation sheet" in the relevant part(s). Any continuation sheet should be 
attached to this form. 

d) If you have answered 'Yes' Patents Form 7/77 will need to be filed 

e) Once you have filled in the form you must remember to sign and date it. 



ORGANIC LIGHT-EMITTING DEVICES 



This invention relates to organic light-emitting devices (OLEDs). 

.Organic light-emitting devices such as described in US Patent No. 5,247,190 or in 
US Patent No. 4,539,507, the contents of which are incorporated herein by 
reference, have great potential for use in various display applications. According 
to one method, an OLED is fabricated by coating a glass or plastic substrate with a 
transparent first electrode (anode) such as indium tin oxide (ITO). At least one 
layer of a thin film of an electroluminescent organic material is then deposited 
prior to a final layer which is a film of a second electrode (cathode) which is 
typically a metal or alloy. 

From the point of view of electron-injecting properties, a layer of a metal having a 
low work function such as calcium or an alloy containing a metal having a low 
work function are the preferred materials for the cathode. However, it is an 
intrinsic property of such low work function elements that they are very prone to 
reactions with reactive ambient species such as oxygen or moisture. Such 
reactions detrimentally affect the electron-injecting properties of the cathode 
causing the formation of non-emitting black spots with a consequent degradation 
in device performance. 

It is therefore an aim of the present invention to provide an organic light-emitting 
device which is less prone to the formation of non-emitting black spots and 
therefore displays improved resistance to perfonnance degradation. 

It is another aim of the present invention to provide a method of producing a 
protective cap for an electrode of an organic light-emissive device which 
minimizes damage to the underlying organic layers. 

According to one aspect of the present invention, there is provided an organic 
light-emitting device comprising at least one layer of a light-emissive organic 



material interposed between a first electrode and a second electrode, at least one of 
the first and second electrodes comprising one or more electrode layers on the 
light-emissive material; wherein the organic light-emitting device further has a 
stack comprising an inert barrier layer and at least one gettering layer interposed 
between the outermost electrode layer and the inert barrier layer for absorbing 
moisture and oxygen. 

The advantages of this aspect of the present invention are particularly pronounced 
when the electrode upon which the stack is formed comprises at least one layer 
deposited by vacuum evaporation. 

The inert barrier layer serves to minimize the entry of reactive species into the 
device, and the gettering layer serves to absorb any traces of reactive species which 
manage to somehow permeate through the inert barrier layer. 

The inert barrier layer is preferably a layer of an inorganic dielectric material 
preferably selected from the group consisting of A1N, A1 2 0 3 , Si0 2 and Si 3 N 4 , and 
preferably has a thickness in the range of 0.01 to 10 microns, further preferably in 
the range of 1 to 10 microns. The inert barrier layer is preferably deposited by a 
sputtering technique to provide a pinhole-free layer. 

The gettering layer is preferably a layer of a material which displays high 
reactivity towards moisture and oxygen such as Li, Ca, Ba or Cs, or an alloy of the 
same such as LiAl, or a hygroscopic oxide such as BaO. It preferably has a 
thickness in the range of 0.01 to 5 microns. Calcium is a particularly preferred 
material for the gettering layer. The gettering layer may be deposited by a 
sputtering technique to provide a pinhole-free layer. Alternatively, it may be 
deposited by a vacuum evaporation technique. 

According to another aspect of the present invention, there is provided an organic 
light-emitting device comprising a layer of light-emissive organic material 
interposed between a first electrode and a second electrode, at least one of the first 



and second electrodes comprising one or more electrode layers on the layer of 
light-emissive organic material for injecting charge carriers into the light-emissive 
organic material, wherein the organic light-emitting device further comprises a 
layer of dielectric material on the surface of the outermost electrode layer remote 
from the layer of light-emissive organic material. 

The advantages of this aspect of the present invention are also particularly 
pronounced when the electrode upon which the dielectric layer or layers is formed 
comprises at least one layer deposited by vacuum evaporation. 

In one embodiment of the present invention, the organic light-emitting device 
further comprises a second layer of dielectric material on the first layer of 
dielectric material, the thickness of the dielectric layers being selected so as to 
reduce mechanical stress on the electrode . 

Suitable dielectric materials for each of the first and second layers include 
inorganic dielectric materials, preferably SiO, A1N, Si0 2 , Si 3 N 4 and A1 2 0 3 . The 
thickness of each of the dielectric layers is preferably in the range of 0.01 to 10 
microns, preferably in the range of 1 to 10 microns. 

Each of the dielectric layers may be deposited by a sputtering technique or by a 
vacuum evaporation technique.. 

According to a third aspect of the present invention, there is provided a method of 
providing a protective cap on a first electrode of an organic light-emitting device 
comprising at least one layer of a light-emissive organic material between first and 
second electrodes for injecting charge carriers into the light-emissive organic 
material, said method comprising the step of forming a first layer of a dielectric 
material on the surface of the first electrode opposite the layer of light-emissive 
organic material by a vacuum evaporation technique. 



The first electrode typically comprises one or more metal layers with the dielectric 
layer being formed directly on the surface of the outermost metal layer remote 
from the organic light-emissive material. 

Further barrier layers and/or gettering layers of the kind discussed above can be 
provided on the first dielectric layer. 

As with the first and second aspects of the present invention, the advantages of the 
third aspect of the present invention are pronounced when the subject electrode has 
been deposited by a vacuum evaporation technique. 

Hereunder, preferred embodiments of the present invention will be described, by 
way of example only, with reference to the accompanying drawings in which:- 
Figure 1 is a schematic cross-sectional view of an organic light-emitting device 
according to a first embodiment of the present invention. 

Figure 2 is a schematic cross-sectional view of an organic light-emitting device 
according to a second embodiment of the present invention. 
Figure 3 is a schematic cross-sectional view of an organic light-emitting device 
according to a third embodiment of the present invention. 

Figure 4 is a schematic cross-sectional view of an organic light-emitting device 
according to a fourth embodiment of the present invention. 

Figure 5 is a schematic cross-sectional view of an organic light-emitting device 
according to a fifth embodiment of the present invention. 

Figure 6 is a schematic cross-sectional view of an organic light-emitting device 
according to a sixth embodiment of the present invention. 

Figure 7 is a schematic cross-sectional view of an organic light-emitting device 
according to a seventh embodiment of the present invention. 

An organic light-emitting device according to a first embodiment of the present 
invention is shown in Figure 1. The device comprises a first electrode layer 4, in 
this case an anode layer comprised of indium tin oxide (ITO) formed on a substrate 
2. The substrate may, for example, be one made of glass or a flexible plastic 



substrate or may be a glass-plastic laminate. A first thin film 6 of a light-emissive 
organic material (in this case, poly(phenylenevinylene) (PPV)) is formed on the 
ITO layer 4. This organic PPV layer can be formed by spin-coating a precursor to 
PPV in a suitable solvent onto the ITO layer and then heating the spin-coated layer 
to convert the precursor to the polymer PPV. A second thin film 8 of an organic 
material (such as MEH-PPV) is formed on the first thin film of light-emissive 
organic material 6. This second thin film 8 can, for example, be formed in the 
same general manner as the first thin film 6 of light-emissive organic material. The 
second thin film of organic material may serve as a light-emissive layer or a charge 
transport layer or have some other purpose. Further light-emissive organic layers 
can be provided. 

Alternatively, layer 6 could be a charge-transport layer such as 
polyethylenedioxythiophene doped with polystyrene sulphonic acid (PEDT:PSS), 
or polyaniline and the second thin film 8 may be the light-emissive layer such as a 
blend of 5% poly(2,7-(9,9-di-n-octylfluorene)-3,6-(benzothiadiazole) with 95% 
poly(2,7-(9,9-di-n-octylfluorene) (5F8BT), poly (2,7-(9,9-di-n-octylfluorene) (F8), 
poly(2,7-(9,9-di-n-octylfluorene)-(l,4-phenylene-((4-methylphenyl)imino)-l,4- 
phenylene-((4-methylphenyl)imino)-l,4-phenylene))/poly(2,7-(9,9-di-n- 
octylfluorene) (PFM:F8), poly(2,7-(9,9-di-n-octylfluorene)-(l ,4-phenylene-((4- 
methoxyphenyl)imino)- 1 ,4-phenylene-((4-methoxyphenyl)imino)- 1 ,4- 
phenylene))/poly(2,7-(9,9-di-n-octylfluorene)/poly(2,7-(9,9-di-n-octylfluorene)- 

(l,4-phenylene-((l,4-phenylene-((4-secbutylphenyl)imino)-l,4-phenylene)) 
(PFMO:F8:TFB). 

A thin layer 10 of calcium having a thickness of 200nm is formed on the second 
thin film of organic material 8. This calcium layer functions as a cathode and can 
be formed, for example, by rf sputtering or dc magnetron sputtering (preferably 
using neon as a discharge gas) or by vacuum evaporation. Vacuum evaporation is 
the preferred technique because it causes less damage to the underlying organic 
material than a sputtering technique. 



A thick layer of aluminium nitride 12 having a thickness of about 10 microns is 
formed on the thin layer of calcium 10. This aluminium nitride layer is preferably 
deposited by sputtering to provide a pinhole-free layer. A conventional sputtering 
technique such as rf sputtering or dc magnetron sputtering may be employed using 
a sputter target/cathode made of aluminium and a discharge gas containing 
nitrogen. 

This thick aluminium nitride layer 12 is very impermeable with respect to ambient 
species such as oxygen and moisture and therefore serves to effectively protect the 
underlying calcium cathode layer from these reactive species. 

An organic light-emitting device according to a second embodiment of the present 
invention is : shown in Figure 2. It is identical to the device shown in Figure 1 
except that an additional layer 14 of aluminium having a thickness of 5 microns is 
provided between the thin calcium layer 10 and the thick layer of aluminium 
nitride 12 as a second cathode layer. In this case, this intermediate layer of 
aluminium is formed by vacuum evaporation, but it could alternatively be formed 
by a sputtering technique for example. 

An organic light-emitting device according to a third embodiment of the present 
invention is shown in Figure 3. It is similar to the device shown in Figure 2 except 
that a thick layer 16 of aluminium oxide having a thickness of about 10 microns is 
provided on the thick layer of aluminium nitride 12. This top layer of aluminium 
oxide is preferably formed by a sputtering technique in order to provide a pinhole- 
free layer. 

An organic light-emitting device according to a fourth embodiment of the present 
invention is shown in Figure 4. This device is identical to that shown in Figure 2 
except that a second layer of calcium 18 having a thickness of about 5 microns is 
provided between the aluminium layer 14 and the aluminium nitride layer 12. This 
second calcium layer is provided to getter any reactive species which may 
somehow manage to permeate through the overlying aluminium nitride and thus 



provide protection for the underlying cathode. This second layer of calcium 18 is 
preferably deposited by a sputtering technique in order to provide a pinhole-free 
layer. 

An organic light-emitting device according to a fifth embodiment of the present 
invention is shown in Figure 5. This device is similar to that shown in Figure 4 
except that a sputtered layer of aluminium 20 having a thickness of about 10 
microns is provided between the evaporated aluminium layer 14 and the second 
layer of calcium 1 8 as an additional barrier layer. According to a further variation 
as shown in Figure 6, a further sputtered layer of aluminium is provided between 
the second calcium layer 18 and the aluminium nitride layer 12. 

An organic 1 light-emissive device according to a seventh embodiment of the 
present invention is shown in Figure 7. This is similar to the device shown in 
Figure 3, except that the Ca/Al two-layer cathode is capped with a 1000 Angstrom 
layer 24 of SiQ deposited by thermal evaporation from a high temperature ceramic 
boat and a 10 micron layer 26 of aluminium nitride deposited by sputtering. The 
protective SiO/AIN two-layer cap employed in this embodiment provides excellent 
cathode protection. It is thought that this is due to the fact that the SiO layer not 
only acts as a physical barrier but also acts as a gettering layer by reacting with 
moisture. 

Although, the devices described above all demonstrate the application of the 
present invention to the protection of a cathode, the present invention can equally 
be applied to the protection of the anode, or both the anode and the cathode. 



An organic light- emitting device comprising a layer of light-emissive 
organic material interposed between a first electrode and a second 
electrode, at least one of the first and second electrodes comprising one or 
more electrode layers on the layer of light-emissive organic material for 
injecting charge earners into the light-emissive organic material, wherein 
the organic light-emitting device further comprises a layer of dielectric 
material on the surface of the outennost electrode layer remote from the 
layer of light-emissive organic material . 

An organic light-emitting device according to claim 1 wherein the 
dielectric material is selected from the group consisting of SiO, A1N, Si0 2 , 
Si 3 N 4 and A1 2 0 3 . 

An organic light-emitting device according to claim 2 wherein the 
dielectric material is A1N. 

An organic light-emitting device according to any preceding claim, wherein 
the thickness of the dielectric layer is in the range of 0.01 to 10 microns. 
An organic light-emitting device according to claim 1 further comprising at 
least a second layer of dielectric material on the first layer of dielectric 
material, the thickness of the layers being selected so as to reduce 
mechanical stress on the cathode. 

An organic light-emitting device according to claim 5 wherein the first and 
second layers of dielectric material comprise layers of different dielectric 
materials. 

An organic light-emitting device according to claim 5 or claim 6 wherein 
the first and second layers of dielectric material comprise layers of 
materials selected from the group consisting of A1N, Si0 2 , Si 3 N 4 and 
A1 2 0 3 . 

An organic light emitting device according to claim 5 wherein the first 
layer of dielectric material is a layer of A1N and the second layer of 
dielectric material is a layer of A1 2 0 3 . 



An organic light-emitting device according any of claims 5 to 8 wherein 
the first and second layers of dielectric material each have thicknesses in 
the range of 0.01 to 10 microns 

An organic light emitting device comprising at least one layer of a light- 
emissive organic material interposed between a first electrode and a second 
electrode, at least one of the first and second electrodes comprising one or 
more electrode layers on the light-emissive material for injecting charge 
earners into the light-emissive material; wherein the organic light-emitting 
device further has a stack comprising a first inert barrier layer and at least 
one gettering layer interposed between the outermost electrode layer and 
the first inert barrier layer for absorbing moisture and oxygen. 
An organic light-emitting device according to claim 10 wherein the first 
inertbanrier layer is a layer of a material selected from the group consisting 
of A1N, A1 2 0 3J Si0 2 and Si 3 N 4 , and is preferably a layer of A1N. 
An organic light-emitting device according to claim 10 wherein the first 
inert barrier layer has a thickness in the range of 0.01 to 10 microns. 
An organic light-emitting device according to claim 1 wherein the stack 
further comprises a second inert hairier layer interposed between the 
gettering layer and the surface of the outermost electrode layer remote from 
the layer of light-emissive organic material. 

An organic light-emitting device according to claim 13 wherein the second 
inert barrier layer is a layer of sputtered aluminium and the first inert 
barrier layer is a layer of A1N. 

An organic light-emitting device according to claim 13 wherein the first 
and second inert barrier layers each have a thickness in the range of 0.01 to 
10 microns. 

An organic light-emitting device according to any of claims 10 to 15 
wherein the gettering layer is a layer of a reactive metal or metal alloy, or a 
hygroscopic oxide. 

An organic light-emitting device according to claim 1 6 wherein the 
gettering layer is a layer of BaO. 



1 8. An organic light-emitting device according to claim 1 6 wherein the 
gettering layer is a layer of a material selected from the group consisting of 
Li, Ca, LiAl, Ba and Cs. 

19. An organic light-emitting device according to claim 1 8 wherein the 
gettering layer is a layer of Ca. 

20. An organic light-emitting device according to any of claims 10 to 19 
wherein the thickness of the gettering layer is in the range of 0.01 to 5 
microns. 

21. An organic light emitting device according to claim 10 wherein at least one 
of the first and second electrodes is a multi-layered electrode comprising a 
first low work function conductive layer on the layer of light-emissive 
organic material and a second conductive layer on the surface of the first 
low work function conductive layer remote from the layer of light-emissive 
organic material. 

22. An organic light-emitting device according to claim 21 wherein the first 
low work function conductive layer is an evaporated layer of calcium 
having a thickness of 200nm or less, and the second conductive layer is a 
layer of evaporated aluminium having a thickness of 5 microns or less. 

23. A method of providing a protective cap on a first electrode of an organic 
light-emitting device comprising at least one layer of a light-emissive 
organic material between first and second electrodes for injecting charge 
carriers into the light-emissive organic material, said method comprising 
the step of forming a first layer of a dielectric material on the surface of the 
first electrode opposite the layer of light-emissive organic material by a 
vacuum evaporation technique. 

24. A method according to claim 23 further comprising the step of forming a 
second layer of a dielectric material on the surface of the first layer of the 
dielectric material opposite the first electrode. 

25. A method according to claim 23 or claim 24 wherein the first layer of 
dielectric material comprises a layer of silicon monoxide. 

26. A method according to any of claims 23 to 25 wherein the first layer of 
dielectric material has a thickness in the range of 10 to 10,000 Angstroms. 



27. A method according to claim 26 wherein the first layer of dielectric 
material has a thickness in the range of 100 to 2000 Angstroms. 

28. A method according to claim 27 wherein the first layer of dielectric 
material has a thickness in the range of about 1000 Angstroms. 

29. A method according to claim 24 wherein the second layer of dielectric 
material is formed by a sputtering technique. 

30. A method according to claim 24 wherein the second layer of dielectric 
material comprises a layer of a material selected from the group consisting 
of A1N, Si0 2 , Si 3 N 4 and A1 2 0 3 . 

31. An organic light-emitting device produced by a method according to any 
one of claims 23 to 30. 

32. An organic light-emitting device substantially as hereinbefore described 
withreference to the accompanying drawings. 



ABSTRACT 



ORGANIC LIGHT-EMITTING DEVICES 

An organic light-emitting device comprising a layer of light-emissive organic 
material interposed between a first electrode and a second electrode, at least one of 
the first and second electrodes comprising one or more electrode layers on the 
layer of light-emissive organic material for injecting charge carriers into the light- 
emissive organic material, wherein the organic light-emitting device further 
comprises a layer of dielectric material on the surface of the outermost electrode 
layer remote from the layer of light-emissive organic material . 
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